Motivation: Single nucleotide polymorphism (SNP) detection exploiting redundancy in expressed sequence tag (EST) collections that arises from the presence of transcripts of the same gene from different individuals has been used to generate large collections of SNPs for many species. A second source of redundancy, namely that EST collections can contain multiple transcripts of the same gene from the same individual, can be exploited to distinguish true SNPs from sequencing error. In this article, we demonstrate with Atlantic salmon and pig EST collections that splitting the EST collection in two, detecting SNPs in both subsets, then accepting only cross-validated SNPs increases validation rates. Results: In the pig data set, 676 cross-validated putative SNPs were detected in a collection of 160 689 ESTs. When validating a subset of these by genotyping on MassARRAY 85.1% of SNPs were polymorphic in successful assays. In the salmon data set, 856 cross-validated putative SNPs were detected in a collection of 243 674 ESTs. Validation by genotyping showed that 81.0% of the cross-validated putative SNPs were polymorphic in successful assays. Availability: Cross-validated SNPs are available at dbSNP (http:// www.ncbi.nlm.nih.gov/projects/SNP/), ss69371838-ss69372575 for the salmon SNPs and ss69372587-ss69373226 for the pig SNPs. Contact: ben.hayes@dpi.vic.gov.au
Redundant expressed sequence tag (EST) libraries are a valuable source of single nucleotide polymorphisms (SNP) (Buetow et al., 1999; Tallion-Miller et al., 1998) . Such libraries have been mined for SNPs across a wide range of species by exploiting the redundancy that arises from creating such libraries from multiple individuals, such that multiple transcripts of the same gene in different individuals can be compared for polymorphism (e.g. Guryev et al., 2004; Irizarry et al., 2000) . One difficulty with detecting SNPs in this way is that failure to distinguish sequencing error and true polymorphism leads to low rates of putative SNP validation. A number of procedures have been proposed to increase probabilities of detecting only true SNPs, including use of sequence quality information (Marth et al., 1999) . Here we describe a simple method to take advantage of a second source of redundancy in ESTs collections, namely the presence of multiple transcripts from the same gene from the same individual, to further increase probabilities of detecting only true SNPs from EST data. This second source of redundancy can be exploited by creating two independent data sets (splitting the EST collection in two), running the SNP detection pipeline, and retaining only cross-validated SNPs, Figure 1 .
The procedure was tested using EST collections for two species, Atlantic salmon (Salmo salar) and Pigs (Sus scrofa). In pigs, all available EST chromatogram files were retrieved from the NCBI trace archive on 28 September 2006. ESTs derived from Meishan pigs were excluded from the analysis. There were 160 689 sequences following removal of poor quality sequences. For salmon, the creation and sequencing of the Canadian GRASP EST libraries have been described by Rise et al. (2004) , and are available at http://web.uvic.ca/cbr/grasp. With the exception of one (RGB) library, the libraries were derived from several individuals of the McConnell strain of S.salar. The chromatogram files for the Norwegian EST sequences were extracted from the Salmon Genome project database (http://www.salmongenome.no). These libraries were derived from several individuals from the Aquagen breeding company. GenBank Accession numbers for ESTs are BU965588-BU965906, CA036414-CA039704, CA039711-CA064598, CA767613-CA770910, CB498694-CB518126, DW543182-584513, DW531365-DW543181 and DY694261-DY741432 (Koop and Davidson, 2007) . There were 243 674 sequences in total. For both salmon and pig data sets, the respective EST collections were split into two data sets, at random. For each data set, to derive the most likely base at each position within a sequence from each of the chromatogram files, basecalling was performed with the Phred program (Ewing et al., 1998) . In order to remove vector sequence incorporated into the ESTs during EST library creation, the sequence pCMV-PCR vector, the vector used to create ESTs, was masked in each sequence with cross_match (P.Green, unpublished http:// www.genome.washington.edu/UWGC). PolyA and polyT sequences were also masked using a custom made script to *To whom correspondence should be addressed. avoid false clustering on these motifs. Clustering and contig assembly was performed with the Phrap program, (Gordon et al., 1998) . Phrap was run with the options '-trim_start 50Àminmatch 50'. The average number of sequences per contig was 5.2 for salmon and 4.1 for pigs. There were 10 192 singletons for salmon and 20 542 for pigs, averaged across the two data sets. The PolyBayes program (Marth et al., 1999) was used to detect putative SNPs in the sequence alignments, and give a probability of being a true SNP to each base substitution. Only SNPs with 495% probability of being a true SNP were retained. The contig consensus sequences were used as the anchor sequences. When there were more than one SNP within a 50 bp window, these putative SNPs were removed from further consideration. The SNPs in each data set were then compared using both the flanking 50 bp of sequence and the SNP alleles, if these were a perfect match the putative SNPs were considered to be cross-validated. For pigs, 676 putative SNPs were cross-validated while for salmon, 856 putative SNPs were cross-validated, Table 1 .
Eighty seven cross-validated SNPs were chosen at random from the set of 676 cross-validated pig SNPs for validation by genotyping in a panel of 47 individuals from two commercial pig populations (Duroc and Norwegian Landrace). The SNPs were validated using matrix-assisted laser desorption/ionization timeof-flight mass spectroscopy (MALDI-TOF MS) assays. Assays for PCR and extension reactions were designed with the MassARRAY Assay Design 2.0 software (Sequenom). SNPs were genotyped by the IPLEX protocol as described by manufacturer (Sequenom, San Diego, USA). Eighty five percent of putative, cross-validated SNPs were polymorphic in successful assays (Table 2) . One hundred and fifty six putative SNPs were chosen at random from the set of 856 cross-validated salmon SNPs for validation by SNP genotyping in a panel of salmon from geographically diverse locations. DNA samples were collected and DNA extracted from 65 fish from 13 different locations, distributed across Canada, Iceland, Ireland and Russia. The putative SNPs were genotyped as described above. Seventy two percent of putative, cross-validated SNPs were classified as 'real' in successful assays ( Table 2 ). The absence of homozygotes for some of the SNPs (results not shown) indicates that some of the putative SNPs were actually paralogous sequence variants (PSVs) rather than true SNPs, likely a result of the extensive duplication of the salmonid genome.
The validation rates of the putative SNPs here were considerably higher than for non-cross-validated SNPs in other studies. For example, Hawken et al. (2004) reported a validation rate of 50% for putative SNPs detected in alignment of cattle ESTs, and Lee et al. (2006) reported a validation rate of 29% for putative non-synonymous SNPs in alignment of Bos taurus sequences. Our cross-validation strategy would be ideal for choosing 1000-2000 putative SNPs for genome wide SNP chips in species without whole genome sequence. The high rates of validation rate of putative SNPs selected in this way will considerably reduce costs of assembling these resources. Fig. 1 . A pipeline to exploit the presence of multiple transcripts of genes from the same individual to improve the probability of detecting true SNPs. SNP detection exploiting redundancy in EST collections
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